229 (5) between these species also may differ. Ruminants, for example, normally absorb only a little glucose from their digestive tracts (7, Zl), and only a little lipid is synthesized from glucose (3). Ruminants also may differ both quantitatively and qualitatively with respect to the actions of pancreatic hormones. This is supported by studies which show that both insulin (5, 18, 27) The hepatic extraction ratio was calculated by dividing the net hepatic uptake by the sum of the portal and arterial contributions to the liver: reading was taken after incubation for 10 min at 30°C. Ten microliters glycerol kinase (2 mg/ml) were then added, and the contents were mixed and incubated for another 20 min. The decrease in fluorescence was used to calculate the concentration of glycerol. prevented.
In addition, Fig. 1 clearly shows that glucagon concentrations increased when insulin alone was infused, but when glucose was given along with the insulin, no reflex increase in glucagon was not&d.
Amino acid metabolism. The overall pattern of the hepatic metabolism of amino acids is shown in Table  3 . When hypoglycemia and hyperglucagonemia were prevented by infusing glucose along with the insulin, no significant changes occurred in the net hepatic metabolism of any of the amino acids that were measured.
Despite the fact that no significant alterations in the net hepatic metabolism of amino acids occurred during the infusion of insulin plus glucose, the arterial concentrations (Table  3) of alanine, tyrosine, valine, isoleucine, and leucine did significantly decrease. This, therefore, indicates an effect of insulin at nonhepatic sites. Also, the arterial concentrations of these same five amino acids decreased when insulin alone was infused ( of tyrosine, valine, isoleucine, leucine, and lysine also did not change when glucagon was infused (Fig. Z) , the above decreases in arterial concentrations must have been due to the action of insulin on peripheral tissues, particularly skeletal muscle. Glycerol, lactate, and pyruvate metabolism. An increase in the net hepatic removal (negative production) of glycerol 5 . Summary of g&erol and lactate metabolism before and during hormone infusions ~. ( Table 5 and Fig. 2 ). This partly could be due to the hyperglycemia which causes an increased circulation of Cori cycle components ( 16). However, a direct effect of glucagon on the liver by increasing the hepatic extraction ratio definitely could account for some of the increased hepatic removal.
Likewise, hyperglucagonemia could account for the increased net hepatic removal that was noted during insulin infusions.
DISCUSSION
The present data on net hepatic metabolism and arterial concentrations of amino acids, during the control periods, are similar to those reported previously (36). Others also have shown that alanine and the glutamine-glutamate couplet account for about 40% of the gluconeogenic potential of all amino acids (35) and that lactate provides the carbon for about 15 % of the total glucose production ( 1). Therefore, the present increase in net hepatic removal of glycine, alanine, glutamine, and lactate during glucagon infusion is consistent with the concept of glucagon having a broad gluconeogenic effect in the ruminant ( 12). This also is similar to observations on the effect of glucagon on the net hepatic metabolism in humans (23) and dogs (16, 33) .
There is the possibility that elevated glucose concentrations, alone, might have influenced the amino acid concentrations or balance across the liver during glucagon infusions.
However, in view of the similarity of responses between glucagon and insulin infusions on amino acid balance, it seems unlikely that a high glucose mediated the effects. The hormonal status in normal sheep was similar in that both glucagon and insulin were elevated. In ITA sheep, only glucagon and glucose concentrations were elevated, yet the general pattern of the response was the same with, of course, the exception of effects on tyrosine, phenylalanine, valine, isoleucine, and leucine. The latter appears to be due, at least in part, to insulin.
The infusion of insulin into sheep induced changes in the net hepatic metabolism of alanine, glutamine, and lactate that were similar to glucagon but only if hypoglycemia and hyperglucagonemia were allowed to occur. This normal compensation for an insulin-induced hypoglycemia thus was sufficient to overcome any inhibitory effect of insulin on hepatic glucose production (11, 34) and an increase in the hepatic uptake of glucose precursors occurred (Fig. 2) . These data, therefore, provide evidence that glucagon, but not insulin, regulates the net hepatic removal of amino acids and also lactate. If insulin has an effect, it must be small and must act by inhibiting hepatic proteolysis (29, 30) , which then would be reflected as an increase in net hepatic removal and thus complement glucagon's effect . This conclusion does not agree with that of Felig and Wahren (14) in their studies in man. In that study, insulin concentrations were elevated by infusing glucose. Since the hyperglycemia may have depressed glucagon secretion, their observed decrease in net hepatic removal simply may have been due to a glucagon effect.
With respect to the effects of insulin on peripheral tissues, the arterial concentrations of tyrosine, valine, isoleucine, and leucine decreased when glucose plus insulin was infused, but no change occurred in their net hepatic metabolism.
This, therefore, suggests that insulin stimulates their removal by muscle, which is in agreement with studies on humans (32) showing that insulin infusions decrease the amino acid venoarterial concentration differences across the forearm.
The situation with respect to glycerol is somewhat different. Neither glucagon nor insulin appeared to directly affect its rate of removal by the liver (Table 5 ) and, instead, its utilization for glucose synthesis seems dependent on concentration (5). Since glucagon can stimulate lipolysis in adipose tissue, it can in this manner mobilize glycerol for glucose synthesis and, teleologically, it seems unnecessary for glucagon to regulate glycerol uptake by the liver. Insulin, on the other hand, inhibits lipid mobilization and can readily mask the lipolytic effect of glucagon. Thus, insulin and glucagon directly affect glycerol metabolism in adipose tissue. Amino acid removal by the liver, however, appears to be regulated by glucagon, but its removal by muscle appears to be under the control of insulin.
Therefore, 2-4 h after a meal, when both glucagon and insulin concentrations are maximal (5) 
